lated at 204 d of age. The day after cannulation, blood samples were collected for 4 h and cortisol was continuously infused for the last 2 h of the blood collection period. Cortisol metabolic clearance rate (MCR) and secretion rate (SR) were determined. By 270 d of age, 21 of 28 (75%) nonconfined gilts and 11 of 31 (35.5%) confined gilts (P<.01) in Exp. I and 18 of 25 (72%) nonconfined gilts and 12 of 25 (48%) confined gilts (P<.06) in Exp. II had exhibited estrus and ovulated. Body weight and adrenal weight at 270 d of age were similar for confined and nonconfined gilts in both experiments. Basal serum cortisol, progesterone and PRL concentrations were similar for confined and nonconfined gilts. However, basal serum LH concentrations were greater (P<.02) in nonconfined than confined gilts. Serum progesterone levels after ACTH were similar for both groups, but serum cortisol concentrations after ACTH increased more rapidly (P<.02) and to a greater concentration (P< .0001) in nonconfined compared with confined gilts. However, area under the serum cortisol response curve to the ACTH challenge was similar for both groups. The cortisol MCR and SR were similar for confined and nonconfined gilts. These data indicate that confinement-induced delayed puberty in the gilt may not be caused by chronic stress. (Key Words: Confinement, Gilt, Delayed Puberty, Chronic Stress.)
I ntroduction
Total confinement housing, compared with housing in dirt lots, reduced the proportion of gilts that attained puberty by 8 to 9 mo of age . Christenson and Ford (1979a,b) reported an increase in age of puberty and in behavioral anestrous due to confine-401 JOURNAL OF ANIMAL SCIENCE, Vol. 58, No. 2, 1984 ment. The reasons for confinement-induced delayed puberty are not known; however, it has been suggested that confinement may impose a physiological or psychological stress on animals, which in turn may cause reproductive problems (England and Spur, 1969; Jensen et al., 1970; Thompson and Savage, 1978) . There is no experimental evidence, however, to suggest that gilts in confinement are stressed. The objective of this study was to determine if confinement housing imposed a physiological stress on gilts. Specifically, the first experiment was designed to compare basal serum concentrations of cortisol, progesterone, luteinizing hormone (LH) and prolactin (PRL) and the adrenal cortisol and progesterone response to adrenocorticotropic hormone (ACTH) in confined and nonconfined gilts. The second experiment was designed to compare the metabolic clearance rate (MCR) and secretion rate (SR) of cortisol in confined and nonconfined gilts.
Materials and Methods
Exp. I. Sixty-two crossbred gilts, born in February and March, were raised from birth in total confinement and assigned across litters and weights to one of two groups. At 100 d of age, 31 gilts were moved to a 17 x 54 m outside dirt lot (nonconfined group) and 31 gilts were moved to a 4.2 x 7.3 m partially slatted, concrete pen in a confinement finishing unit (confined group). All gilts were fed, free choice, a 16% protein diet throughout the experiment. Beginning at 150 d of age, all gilts were checked daily with a boar to determine age at first estrus. Two boars were alternated between confined and nonconfined gilts weekly to eliminate boar effects. During the course of the experiment, three nonconfined gilts were removed due to various health problems. At approximately 185 d of age, five confined and five nonconfined gilts that had not exhibited estrus were cannulated nonsurgically via jugular vein puncture (Fonda et al., 1981) . The confined gilts were placed in individual pens in the confinement building and the nonconfined gilts were placed in individual pens under a shelter in the outside lot. The day after cannulation, blood samples were collected every 30 min from SMention of a trade name does not constitute a guarantee or warranty by the Univ. of Georgia or the USDA and does not imply its approval to the exclusion of other products. 0800 to 1200 h. At 1200 h, 200 IU porcine ACTH (Sigma, Grade II) s in saline was injected via the cannula and blood samples were collected every 10 min for 1 h and then every 30 min for 7 h. The cannulae were removed after the last sample and the gilts were returned to their respective groups. Cannulation, blood sampling and ACTH injection were repeated with three additional groups of five confined and five nonconfined gilts each over a 10-d period. Cannulae did not remain patent in one confined and one nonconfined gilt; therefore, data were obtained from a total of 19 confined and 19 nonconfined gilts. Serum cortisol concentrations were determined on all samples by a radioimmunoassay (RIA) procedure previously described (Barb et al., 1982) . Serum progesterone concentrations were determined by-RIA on samples collected at 1000, 1200, 1220, 1240, 1300, 1400, 1500, 1600, 1700 and 1800 h. Serum LH concentrations weredetermined by RIA on all 30-min samples. Serum PRL concentrations were determined by RIA on the hourly samples collected before the ACTH injection. Proportion of gilts in Exp. I exhibiting estrus, age at estrus and body and adrenal gland weights have been previously reported . Serum hormone concentrations were subjected to a split-plot in time analysis of variance with treatment (confined and nonconfined) used in the model as the main effect (SAS, 1979) .
Cortisol and progesterone concentrations also were expressed as area under the response curve after administration of ACTH (Dunlap et al., 1981) and the resulting data were ~ubjected to a one-way analysis of variance using the Statistical Analysis System (SAS, 1979) .
Exp. H. Fifty-one crossbred gilts, born in January to March from the same population of sows as in Exp. I, were maintained similarly to the gilts in Exp. I. At 110 d of age, 25 gilts were moved to the outside lot and 26 gilts were moved to the confinement pen. One confinement gilt was removed during the course of the experiment because of health problems. At approximately 204 d of age, cannulae were placed into both jugular veins in four confined and four nonconfined gilts that had not exhibited estrus. One cannula was inserted 15 cm for blood sampling and the other cannula was inserted 30 cm for cortisol infusion. Before the experiment, X-ray examination using radiopaque dye confirmed the location of the tip of each cannula in three additional gilts of similar weight as those used in the experiment. The tip of the infusion cannula was located in the heart, which allowed complete circulation of infused cortisol through the body before sampling from the shorter cannula that.was located in the other jugular vein. After cannulation, the gilts were placed in individual pens as in the first experiment. The next day, blood samples were collected every 10 min from 0800 to 1000 h. From 1000 to 1200 h, cortisol (hydrocortisone) 6 was continuously infused at a rate of approximately 60 or 120 p.g/min, using syringe pumps (Sage) v , and blood samples collected every 10 min. The cortisol was diluted in 5% ethanolic saline at 60 or 120/lg/ml: At the end of the 2-h infusion period, the actual infusion rate of each pump was determined and an aliquot of the infusate was collected and stored at -20 C for later determination by RIA of the actual cortisol concentrations. The experiment was repeated 5 d later with an additional five confined and five nonconfined gilts. Serum cortisol concentrations were determined as in Exp. I. The cortisol MCR was calculated as follows (Grosvenor et al., 1979) : MCR (liters/min) = Infusion rate (/~g of cortisol/min) + Equilibrium serum cortisol concentration -Basal serum cortisol concentration (btg/liter). The cortisol SR was calculated as follows: SR (/ag/min) = MCR (liters/ min) X basal serum cortisol concentration (/ag/liter). It was assumed that basal serum cortisol concentrations did not change throughout the infusion period. Data for MCR and SR were not obtained from three confined and three nonconfined gilts because of either loss of patency of the cannulae or hyperactivity of the gilts during the sampling period. Therefore, data for MCR and SR were obtained from six confined and six nonconfined gilts. Gilts were sacrificed at 270 d of age, ovaries were examined for corpora lutea (CL) and corpora albicantia (CA) and uteri classified as infantile or normal. The right adrenal glands were trimmed of excess tissue and weighed. Body and adrenal gland weights, cortisol MCR and SR and age at first estrus were subjected to least-squares analysis of variance, with treatment (confined 6 Sigma Chemical Co., St. Louis, MO. 7 Orion Research, Inc., Cambridge, MA. vs nonconfined) used as the main effect. Data pertaining to the proportion of gilts exhibiting estrus by 270 d of age were subjected to chi square analysis using exact probabilities (Steel and Torrie, 1960) .
R esu Its
Exp. I. By 270 d of age, 21 of 28 (75%) nonconfined gilts and 11 of 31 (35.5%) confined gilts had exhibited estrus and ovulated (P<.01). The age at first estrus (mean + SE), for those gilts exhibiting estrus, was similar for confined (230.0 +-7.7 d) and nonconfined (223.6 -+ 5.4 d) gilts.
Serum cortisol concentrations in confined and nonconfined gilts during the 12-h sampling period are shown in figure 1. Basal serum cortisol concentrations, before ACTH administration, were similar between confined (21.6 + .6 ng/ml) and nonconfined (20.8 + .6 ng/ml) gilts. Serum cortisol concentrations increased (P<.0001) in both confined (57.9 + 3.3 ng/ml) and nonconfined (65.3 + 3.2 ng/ml)gilts within 10 min after ACTH administration. Within 20 min after ACTH, serum cortisol concentrations were greater (P<.02) in nonconfined (81.3 + 3.2 ng/ml) than in confined (70.1 + 3.3 ng/ml) gilts. Serum cortisol concentrations remained significantly greater in nonconfined than in confined gilts through the maximum cortisol concentrations (134.6 -+ 3.2 vs 115.0 + 3.2 ng/ml, respectively; P<.0001) obtained at 90 min after ACTH and returned to basal concentrations by 6 h after ACTH. This difference in cortisol response to ACTH resulted in a treatment (confined vs nonconfined) • time interaction (P<.0001). However, area under the serum cortisol response curve to the ACTH challenge was similar (P>.3) for confined and nonconfined gilts.
Basal serum progesterone concentrations, before ACTH, were similar for confined (.61 + .13 ng/ml) and nonconfined (.60 + .13 ng/ml) gilts (figure 2). Serum progesterone concentrations increased (P<.0001) within 20 min after ACTH, reached maximum concentrations by 60 min after ACTH and decreased to basal concentrations within 4 h after ACTH in both confined and nonconfined gilts. Progesterone levels after ACTH were similar (P>.20) for confined and nonconfined gilts and a treatment • time interaction was not detected (P>.60). Area under the serum progesterone response curve to the ACTH challenge also was similar (P>.10) for confined and nonconfined gilts. Basal serum LH concentrations were increasing (P<.001) in both confined and nonconfined gilts before ACTH administration (figure 3). In addition, basal serum LH concentrations were greater (P<.02) in nonconfined compared with confined gilts. Serum LH concentrations in confined gilts increased (P<.0001) 30 min after ACTH and, by 60 min after ACTH, returned to concentrations similar to those immediately before ACTH. Over the entire 12-h sampling period, a time (P<.0001) and treatment effect (P<.07) but no treatment • time interaction was detected.
Serum PRL concentrations (table 1) were greater (P<.01) at 0800 h in nonconfined gilts than in confined gilts, but were similar (P>.10) for confined and nonconfined gilts at all other times measured resulting in a treatment • time interaction (P<.05).
Exp. II. By 270 d of age, 18 of 25 (72%)
nonconfined gilts and 12 of 25 (48%) confined gilts had exhibited estrus and ovulated (P<.06). Age at first estrus, for those gilts exhibiting estrus, was similar for confined (233.3 -+ 7.9) and nonconfined (226.8 + 6.4) gilts. As in Exp. I, body weight (140.8 +-3.6 and 133.8 + 4.9 kg) and right adrenal weight (2.87 + .13 and 2.80 + .13 g) at 270 d of age were similar for confined and nonconfined gilts, respectively.
The actual infusion rate (/ag cortisol/min) was 59.75 + .55 for the lower infusion dose and 115.91 -+ 2.69 for the higher infusion dose. The response of one gilt to the high infusion rate and of one gilt to the low infusion rate of cortisol are shown in figure 4. Serum cortisol concentrations increased within 10 rain after the beginning of cortisol infusion and reached equilibrium within 60 min after the beginning of infusion in all gilts. Serum cortisol concentrations at equilibrium were 41.7 and 68.8 ng/ml for the low and high infusion rate, respectively. Cortisol MCR and SR were similar for both infusion rates and there was no treatment x infusion rate interaction. Therefore, data from both infusion doses were combined to test treatment differences in the MCR and SR. Basal serum cortisol concentrations, cortisol MCR and SR were similar for confined and nonconfined gilts (table 2).
Discussion
There have been numerous studies on the effects of population density and chronic stress in rodent species and wild animal populations (see reviews by Christian et al., 1965 ; Christian, 1975; Andrews, 1977) . In general, chronic stress caused by increased population density resulted in increased adrenal weight, decreased body weight, increased serum corticoid and progesterone concentrations, decreased serum LH and PRL concentrations, increased epinephrine secretion, decreased circulating eosinophiles and delayed puberty. There is limited information on the physiological response to stressors in domestic farm animals, with most of the research concentrating on the effects of temperature stress. Chronic heat stress decreased plasma corticoid concentrations in the pig (Marple et al., 1972) , bull (Rhynes and Ewing, 1973) , dairy cow (Christison and Johnson, 1972; Abilay and Johnson, 1973) and sheep (Guerrini and Bertchinger, 1982) . Plasma corticoid concentrations were greater in pigs subjected to cold, low humidity conditions and lower in pigs subjected to cold, high humidity conditions than in control pigs (Marple et al., 1972) . However, plasma cortisol concentrations were greater in sheep subjected to cold, high humidity conditions than in controls (Guerrini and Bertchinger, 1982) . Marple et al. (1972) found that plasma ACTH concentrations were increased in pigs that had decreased plasma cortisol concentrations and that plasma ACTH concentration did not change in pigs that had increased plasma cortisol concentrations. It is generally accepted that an increase in serum ACTH concentrations should be followed by an increase in serum corticoid concentrations. The increased plasma ACTH concentrations and decreased plasma corticoid concentrations in the pig suggest that corticoid MCR increased due to heat stress (Marple et al., 1972) . Christison and Johnson (1972) , however, reported decreased plasma cortisol concentrations and decreased cortisol turnover, but no change in cortisol MCR in heat-stressed dairy cows. Whether or not the physiological response to chronic heat or cold stress can be equated to the physiological response to other types of chronic stressors is not clear.
In the present study, as well as a previous study , there were no differences in body weight or right adrenal gland weight between confined and nonconfined gilts. If the confined gilts were stressed, a decrease in body weight and(or) an increase in adrenal gland weight should be expected in the confined compared with nonconfined gilts. Jensen et al. (1970) suggested that tethered gilts were stressed because they had heavier adrenal gland weights than gilts that were penned in confinement.
Basal serum cortisol and progesterone concentrations were similar between confined and nonconfined gilts. Based on the population density studies (Christian et al., 1965 ; Christian, 1975) and on the chronic stress data (Andrews, 1977; Tache et al., 1979 Tache et al., , 1980 , basal cortisol and progesterone concentrations should have been greater in confined than nonconfined gilts if confinement was a stress. Barnett et al. (1981) reported that plasma corticosteroid concentrations were greater in individually penned pigs compared with group-penned pigs, indicating that individually penned pigs were chronically stressed.
Serum PRL concentrations decreased in stressed rats (Tach6 et al., 1978 (Tach6 et al., , 1979 (Tach6 et al., , 1980 Du Ruisseau et al., 1979) , but in this study the basal serum PRL concentrations were similar between confined and nonconfined gilts. Basal serum LH concentrations were lower in confined than nonconfined gilts, which would be Time, h Confined Nonconfined ng/ml 0800 b 9.8 -+ .7 13.0-+ .7 0900 9.5 -+ .7 10.8-+ .7 1000 9.7-+ .7 11.1 -+ .7 1100 9.5-+ .7 10.5 +-.7 1200 11.9+-.7 10.3 -+ .7
aMean -+ SE. bNonconfined greater (P<.01) than confined. expected if the confined gilts were stressed (Tach~ et al., 1978 (Tach~ et al., , 1979 (Tach~ et al., , 1980 . The decreased LH concentrations could be a factor leading to delayed puberty in confined gilts. However, although serum LH concentrations were lower in confined than nonconfined gilts in this study, in two subsequent studies (G. B. Rampacek, unpublished data) in which the gilts were maintained under similar conditions to the present study, basal serum LH concentrations were similar between confined and nonconfined gilts, indicating that perhaps the lower serum LH concentrations in confined gilts observed in this study were due to factors other than stress. The reason for the increased serum LH concentrations in both the confined and nonconfined gilts around the time of ACTH administration is not clear. However, the increased serum LI-/ concentrations were probably not due to the ACTH. Fonda et al. (1982) demonstrated that ACTH did not affect serum LH concentrations in adrenalectomized gilts and ACTH was shown to inhibit serum LH concentrations in intact pigs (Liptrap and Raeside, 1968; Barb et al., 1982) . In addition, serum LH concentrations increased at the same time of day in hysterectomized mature gilts in an unrelated study indicating that the increase in serum LH around the time of ACTH administration was due to environmental factors or diurnal variation.
The reason for the ACTH challenge was to determine if the capacity of the adrenal to secrete cortisol in response to a maximum stimulus differed between confined and nonconfined gilts. Sakellaris and Vernikos-Danellis (1975) reported that the chronic stress of individual caging, confinement or exposure to cold in rats caused plasma corticosterone concentrations to initially increase and then decline to prestress concentrations. An additional acute stress in chronically stressed rats caused a greater response in ACTH secretion and a more rapid response in corticosterone secretion than in control rats, suggesting that an adrenal previously exposed to elevated endogenous ACTH (through chronic stress) may respond faster and to a greater extent after an increase in ACTH than an adrenal not previously exposed to elevated endogenous ACTH (nonstressed). This, indeed, appears to be the case in dairy cows subjected to stress of crowding (Friend et al., 1979) . Adrenal response (measured as area under the serum glucocorticoid response curve) after an ACTH challenge was increased as free stall crowding of the dairy cows increased. Therefore, if confined gilts in the present study were stressed by the confinement situation, then adrenal cortisol response to an ACTH challenge should have been more rapid and of greater magnitude, resulting in a greater area under the response curve in confined than in nonconfined gilts. This was not the case. Serum cortisol concentrations after ACTH increased more rapidly and to a greater concentration in nonconfined compared with confined gilts. In addition, area under the serum cortisol response curve to the ACTH challenge was similar for confined and nonconfined gilts. The circulating serum corticoid concentrations are influenced by the SR and MCR. Therefore, even though basal serum cortisol concentrations were similar for confined and nonconfined gilts, the SR and MCR could have been different. Results from Exp. II, however, indicate that the cortisol MCR and SR were similar for confined and nonconfined gilts. The cortisol MCR calculated after constant infusion of nonradioactively labeled cortisol in the present study was approximately sevenfold greater and the SR was approximately twofold greater than that reported for normal pigs after constant infusion of 3H-cortisol (Marple and Cassens, 1973) . Blatchford et al. (1978) reported a MCR of 4.1 liters blood/min after a bolus injection of 3H-cortisol in pigs. Based on a hematocrit of approximately 45%, the MCR reported by Blatchford et al. (1978) would be approximately 2.3 liters plasma/min, which agrees with the values obtained in Exp. II. The MCR and SR obtained from infusing either 60 or 120 gg/min were similar, indicating that the mass of cortisol infused did not alter secretion and metabolism of cortisol. Marple et al. (1981) reported MCR and SR values in pigs using constant infusion of 3H-cortisol and increasing mass of unlabeled cortisol. The MCR and SR calculated on the basis of the 3 H-cortisol were different from the values obtained when calculated on the basis of the nonradioactive cortisol. The MCR and SR, using the S Hcortisol, were similar to the values reported by Marple and Cassens (1973) while the MCR and SR, using the unlabeled cortisol and the method of calculation used in the present study, were similar to the values reported here. In addition, infusion of a large mass of unlabeled cortisol did not alter the MCR and SR values calculated from the 3H.cortisol infused at the same time. Therefore, whether or not the absolute values obtained ill the present study from constant infusion of nonradioactively labeled cortisol are correct, the relative differences between the confined and nonconfined gilts should be accurate.
Using the data from rodents and the limited amount of data from domestic farm animals, there is little indication, based on changes in body weight, adrenal weight and serum concentrations of cortisol, progesterone or PRL in the present study, that confinement housing imposed a physiological stress on gilts. However, the decreased serum LH concentrations in the confined gilts are consistent with what would be expected if the confined gilts were stressed, and there are many other hormones produced by the adrenal that could be secreted due to stress and affect reproduction. Even though the causes of delayed puberty have not been determined, the data obtained in this study indicate that confinement-induced delayed puberty in the gilt may not be caused by chronic stress.
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